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PROVISIONAL 
DONOl P-1045 
Express IVbU No. EV099083873US 

ELECTROCHROMTr m ^rrqr asspmrt v 

CROSS REFRRPM CE TO RP.T.ATPD APPI.TrATTHM 
The present application is related to U.S. provisional appUcation, Ser. No. 
60/412.275, filed Sep. 20, 2002 by McCabe for ELECTROCHROMIC MIRROR 
ASSEMBLY (Attorney Docket DONOl P-lOl 1), which is hereby incorporated herein by 
reference in its entirety. 

FIELD OF T^K INTVKNTTnTM 
The present invention relates to an electrochromic mterior or exterior rearview 
miitor assembly for a vehicle and. more particularly, to an electrochromic rearview mirror 
assembly which provides transmission of display information through the electrochromic 
reflective element of the mhror assembly, while providmg sufficient reflectance of the 
reflective element 

BACKGROTTKm n v THE INVKNTrnM 
Variable reflectivity mirror assemblies, such as electrochromic mirror 
assemblies are known and are widely hnplemented m vehicles. The reflective element of the 
nmror assembKes often mclude two substrates or glass elements. The back or outer surface 
of the second substrate (commonly referred to as the fourth suifece of the reflective element) 
may include a silvered coating to provide reflectance of an image, hi embodiments where the 
mirror assembly may mclude a display, a window may be fonned, such as by sand blasting, 
laser etchmg or Ihe like, through the silvered coating, such that display mformation may be^ 
transmitted through the window for viewing by tiie driver. The Avindow provides a highly 
ttansmissive. generally spectrally neutral window for the display. However, the window 
defines an area of tiie reflective element tiiat no longer has the reflective coating, such that 
reflectivity is lost in the window area. Therefore, tiie size and tiie quantity of displays that 
25 can be provided at tiie mirror reflective element is limited. 

It is known to provide a metallic reflective layer on an mward surfece of the 
second substrate of tiie electi-ochromic reflective element (commonly known m tiie art as a 
"fliird surface" of tfie reflective element), such as disclosed in U.S. Pat No. 3.280,701. which 
is hereby incorporated herein by reference. An electrochromic medium may be positioned 
between tiie metallic layer and a transparent electiicaUy conductive layer on flie inward 
surfece of tiie first substrate (i.e., tiie "second smfece" of tiie reflective element). However. 
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there are concerns with the electiochromic medium of such mirror assemblies contacting the 
metaUic layer, since chemical and/or electro-diemical attack on the metaiUc layer may result 
in corrosion of tiie metallic layer. 

As disclosed in U.S. Pat. No. 5,724,187, a metallic conductive layer may be 
disposed on the third surface, with a protective layer, such as a transparent semi-conductive 
layer of indium tin oxide, disposed on the metaUic layer. The electrochromic medium is then 
positioned between Ae protective layer and a conductive layer on the inward surface of the 
first substrate. It is prefemble for such designs to include an adhesion layer, such as a second 
transparent semi-conductive layer, such as indium tin oxide, or another metallic layer, 
between the metallic layer and the inward surface of the second substrate, m order to Enhance 
adhesion of the metallic layer to the second substrate. 

hi electrochromic mirror assembUes which include a display transmitting 
through the substrates of the reflective element, the metaUic layer or coatmg must be thin 
enough to be transmissive to aUow viewmg of the display through the metaUic coatmg. It is 
known to provide a thimier metaUic coating m a display area to provide mcieased 
transmissivity (but with a consequently reduced reflectivity) only in the display areas of the 
reflective element, such as disclosed m U.S. Pat. No. 6,356.376, which is hereby mcoiporated 
herein by reference. However, such designs have layers or coatings that are relatively thm 
(often less than 1 50 A or thereabouts m thickness) and so any variation m metaUic layer 
thickness may lead to a significant variation in light transmission through such tixm metaUic 
coatings. Thus, such significantiy thin metallic coatings or layers may have a substantially 
low variability tolerance for the tiiickness and may require a substantially uniform tiiickness 
coating, m order to provide tiie desued results. Such tolerances and uniformity may be 
difBcult to achieve tiirough sputter coating or otiier coating processes typicaUy used m the 
manufecture of such reflective elements. Therefore, such significantiy fliin metalUc coatings 
may be difiQcult and costiy to manufecture. 

An example of a known electrochromic reflective element is shown in FIG. 1 . 
The reflective element mcludes an electrochromic (EC) medium layer and a metalUc 
reflective layer sandwiched between conductive layers at the front and rear glass substrates. 
A display is positioned at a rear surfece of tiie rear substrate (the fourfli surface of tiie 
reflective element). The display emits light tiirough flie substrates and layers tiierebetween so 
as to be viewable by a person viewing tiie first surface of tiie reflective element. Such known 
reflective elements provide little or no spectoaUy selective tiansmission characteristics of 
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visible Ught, as can be seen with reference to FIG. 1 A, and may be subject to 
diemical/electrochemical conosion through contact with the EC medium. 

Therefore, there is a need in the art for an electrochromic miixor assembly 
which provides sufficient reflecfivity and sufBcient transmissivity to allow for transmission 
of display information through the reflective element, and which overcomes the above 
disadvantages and shortcomings of the prior art. 

SUMMARY OF T m, INVENTTOM 
The present invention provides an electrochromic interior or exterior rearview 
nnrror assembly which includes a third surface reflective element having a particular 
combination or stack of at least partially conductive layers (such as semi-conductive layers 
formed of at least partially conducting inorganic oxides, such as doped or undoped indium 
oxide, doped or undoped tin oxide, doped or undoped zinc oxide, doped or undoped nickel 
oxide, and/or doped or undoped tungsten oxide or the like) and metallic layeKs) at the Hdrd 
surface. The mirror assembly is suitable for including a display vOdch emits and transmits 
viewable information through the reflective element of tiie mirror assembly. More 
particularly, tiie minor assembly of die present invention is suitable for including a display 
on demand (DOD) type of display. The mim,r assembly of the present invention provides a 
particular combination of reflector design or designs suitable for a display on demand type of 
display which are economical and which match and/or make most beneficial use of a 
particular Hght emitting display element and color tiiereof. TTie present invention tiius 
provides a spectially selective transmission of visible light characteristic to tiie reflective 
element of tiie mirror assembly. whUe maintaining a substantially non-spectraily selective 
substantiaUy untinted reflectant characteristic, and while maintaining a relatively high 
photopic reflectance, such as greater tiian approximately 60% photopic reflectivity, more 
preferably greater ibm approximately IQo/o photopic reflectivity, and most preferably greater 
than appreximately 80% photopic reflectivity. The spectrally selective transmissivity of ti.e 
reflective element may flius be selected or timed to optimize transmission of a particular 
specbal band or range of light wavelengths at least primarily emitted by tiae display element. 

According to an aspect of tiie present invention, an electeochromic mirror 
assembly for a vehicle comprises an electrochromic mirror element comprising a first 
substiate having first and second surfaces and a second substrate having tiiird and fourth 
surfaces. The first and second substrates are arranged so tiiat the second surface opposes die 
flurd surfece witii an electi-ochromic medium disposed tiierebetween. The tiiird surface of die 
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second substrate comprises a transflective lefleclor comprising a first substantiaUy 
transparent sdni^onducting non-metaUic layer contacting the electrochromic medium, a 
second substantiaUy transparent semiKX,nducting non-metaUic layer, and a substantially 
reflective metaUic conducting layer sandwiched between (and electrically in contact/ 
connection with) &e first and second substantially transparent semi-conducting non-metallic 
layers. When the minor element is viewed from outside the first surfece (such as by a driver 
or passenger within the vehicle), the mirror element is substantiaUy spectraUy untinted (i.e.. is 
substantially spectraUy unselective in photopic reflectivity) when no voltage is applied across 
the electrochromic medium. The mirror element is at least partially spectrally selective in 
transmission (i.e., is at least partially tinted for transmittant light) and exhibits a specti^Uy 
selective transmission characteristic, which is established by the lefiactive mdices and 
physical thicknesses of the first and second substantially transparent semi-conductmg non- 
metaUic layers and the substantially reflective metalUc conducting layer. The mirror 
assembly includes a display disposed at the fourth surfece of the second substrate which is 
operable to emit Ught having an emitted spectral characteristic through the mirror element. 
The transflective reflector is configured to exhibit a spectraUy selective transmission 
characteristic so as to substantially transmit Ught having a spectral band in regions at or near 
the emitted spectral characteristic and to substantially reflect other Ught. 

In one form, flie second substantiaUy transparent semi-conductmg non- 
metalUc layer contacts the third surfece of the second substrate. In another form, the 
transflective reflector comprises two substantially reflective metaUic conducting'layers. Each 
of the two substantiaUy reflective metaUic conducting layers is sandwiched between a 
respective pau: of substantially transparent semi-conductmg non-rnetaUic layers disposed 
between the electrochromic medium and the second substrate. 

Accordmg to another aspect of &e present invention, an electro-optic mirror 
assembly, such as an electrochromic mhror assembly, for a vehicle comprises an 
electrochromic mirror element comprising a first substrate having first and second surfaces 
and a second substrate havmg third and fourth surfeces. The first and second substrates are 
an^ed so that the second surfece opposes the third surface, with an electrochromic medium 
disposed between the second s^bstrate and the first substrate. The mirror element comprises 
a transflective reflector at the third surface, which comprises at least one conductive metallic 
reflective layer sandwiched between first and second substantially transparent semi- 
conducting non-metaUic layers. The first substantially transparent semi-conducting non- 
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metaUic layer contacts the electrochromic medium. The minor assembly includes a display 
at the fourth suifece of the second substrate. A refiactive index and a physical thickness of 
each of the first and second substantially transparent semi-conducting non-metallic layers and 
the substantially reflective metalUc conducting layer are selected such that the transflective 
reflector is selectively spectraUy tuned to substantially transmit at least one preselected 
spectral band of visible light therethrough while substantially reflecting other visible light. 
The display is configured to emit visible light Avith a peak intensity within the preselected 
spectral band. 

According to other aspects of the present invention, an electrochromic mirror 
assembly for a vehicle mcludes an electrically variable mirror element. The mirror element 
includes a first substrate having first and second surfaces and a second substrate having third 
and fourth surfaces. The furst and second substrates are arranged so that the second surface 
opposes the third surface. The second substrate includes a conductive stack on the third 
surface. The conductive stack may comprise a first electrically conductive or semi- 
conductive layer deposited on the third surface, a reflective or metallic layer of reflective or 
metaUic material on the first electricaUy semi-conductive layer, and a second electrically 
conductive or semi-conductive layer on the reflective layer. The mirror element includes an 
electrochromic medium disposed between the second electrically semi-conductive layer of 
the second substrate and the electricaUy semi-conductive coating on the second surface of the 
20 first substrate. The thicknesses and materials of the layers are selected to provide or exhibit a 
spectrally selective visible light transmission characteristic for a particular spectral band or 
range of wavelengtiis to provide enhanced transmissivity of the spectral band of Kght tiirough 
tiie reflective element while providing sufficient reflectivity of otiier light. 

In one form, the electrochromic mirror assembly may include a di^lay 
25 positioned at tiie fourth surfece. wherein the display is operable to emit Ught flirough the 

mirror element for viewing by a driver of tiie vehicle. The tiucknesses of tfie particular layers 
of tiie conductive stack are selected such tiiat the mirror element is spectrally tuned to 
transmit a predetermined spectral band of light tiieretiirough. The spectral band tiiat is 
transmittable tiuough tiie mirror element may be selected to match a spectral band or range of 
30 light wavelengtiis emitted by flie display element, such tiiat tfie mirror element is spectrally 
timed for tiie particular display element positioned at tiie fourth surface of tiie mirror element. 
The mirror element flius may be spectirally tuned to match at least a portion of the 
transmissive band or range of wavelengtiis of tiie mirror element to a particular band or range 
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.f »«vel«.gas of fte Ugk. bd^ «tf ««, ty 4. display etoent In one fern, U>e peak 
^n^issivi^ of ft. ta^ive band of tte mi™, elemen. is selected » n^h Ae peak 
mIenAy of the spectral band emitted by the display element. The conductive stack 
preferably p«wides a. least woxhnately 60 peicent pholopic reflectance (preferably 
measured in accordance with Society of Automotive Engineers test procedure SAE J964a. 
which is hereby incrpor«ed herdn by reference in its entirety), more preferably at least 
^Proximately 70 percent photopic reflectance, and most preferably a, least approximalely 80 
percemphotopic reflectance. wWleprovidmg at leas. approxhnatelylOperce^ 
preferably at least approximately 1 5 percent transmission, more preferably « leas, 
approximately 20 percent tran^ssicn. and most preferably a. leas, approximately 30 perc«« 
t.»«mission, of at least a particular spectral band of light Prefetably, the physical 
thrcknesses of the layers are selected to limit tinting and/or color te,erfen=nce affects as seen 
m are mirror element (Le. to provide a neutral reflector) and to spectally ftme .he mfaor 
element for a transmission characteristic for providing enh«K=ed tonsmissivit, through to 

muTor elemem for a parttcular q^ctral band or range of wavelengfts, in order to match *e 
transmissivity of the mir^r element to to sp«=tral band of emission of light Som the di^ 
element. *^ ' 

, "I^ese^i-^nductive layers and metallic layer of the condiurtiveste^^ 
pxeferablydepositedatthethirdsurfaceviaasputtercoating^^^^ The present invention 
thus provides a low cost reflective element which provides for sufficient transmission of a 
particular spectral band or bands of visible Ught and sufficient reflectance at the third surfece 

of the min-or assembly (with at least 600/ophotopicreflectanceprefened. more preferabW 
with at least 70o/„ photopic reflectance, and most preferably, with at least 75% photopic ' 
reflectance). Preferably, the semi-conducting layers, such as indium tin oxide or the like 
sandwichingthemetaUiclayerareformedofthesamematerial. Thus, for example a 
preferred conductive stack may comprise a metallic layer of silver sandwiched between two 
senu-conducting layers of indium tm oxide. 

According to another aspect of the present invention, an electro-optic or 
electrochromic interior rearview mirror assembly comprises an electro-optic or 
electrochromic minor r^ective element. The electro-optic mirror elemem provides a 
substantiaUy reflective mirror element having a first region having a first reflectivity and a 
first transmissivity and a second region having a second reflectivity and a second 
transmissivity. The electro-optic mirror element mcludes a display element positioned at or 
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behind the second region and operable to transmit Ught through the second region. The first 
reflectivity is greater than the second reflectivity. Preferably, the second region provides at 
least ^proximately 25% transmissivity of light fiom the display. 

Therefore, the present invention provides a third surfece reflective element or 
5 minor element which is sufficiently and spectrally selectively transmissive or spectrally 

tuned to aUow a particular spectral range or band of light to pass therethrough from a display 
at the fourth surfece of the mirror assembly. The layers of the reflective element are selected 
or spectrally tuned to match one or more predetermined or selected spectral bands or ranges 
of wavelengths and to thus pass the predetermined spectral bands of light therethrough, while 
10 bemg substantially reflective to other spectral bands or wavelengths of light, and do not 

require windows or apertures formed in the reflective metallic layer of the reflective element. 

These and other objects, advantages, purposes, and features of the invention 
will become more apparent from the study of the following description taken m conjunction 
with the drawings. 

BRIEF DESCR IPTIQN OF THE DRAWTMns 
FIG. 1 is a sectional view of a conventional electrochromic minor reflective 

element; 

FIG. 1 A is a graphical depiction of the transmissivity of visible Ught of the 
conventional electrochromic mirror reflective element of FIG. 1; 
^® 2 is a perspective view of an interior rearview minor assembly in 

accordance with the present invention; 

FIG. 3 is a sectional view of the minor assembly taken along the Ime Hl-in in 

nG.2; 

no. 4 is a sectional view of a second substrate and opaque conductive and 
25 reflective layers suitable for use m the minor assembly of FIG. 2; 

no. 5 is a front elevation of a second substrate of a reflective element in 
accordance with tiie present mvention, with a tab-out portion to fecilitate electrical 
connection with the conductive layers; 

FIG. 6 is a sectional view of the second substrate taken along the line VI-VI in 

30 FIG. 5; 

FIG. 7 is a perspective view of another interior rearview minor assembly in 
accordance with the present invention, with a display; 
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FIG. 8 is a sectional view of a reflective element of the minor assembly taken 
along the line Vm-Vm in FIG. 7; 

FIG. 9 is a sectional view similar to FIG. 6 of a second substrate in accordance 
with the present invention, which is suitable for use in the mirror assembly of FIG. 7, and 
5 includes a tab-out portion to facilitate electrical connection with the conductive layers; 

FIG. 10 is a sectional view of another second substrate and transmissive 
conductive and reflective layer or stack in accordance with the present invention suitable for 
use in a mirror assembly having a display; 

FIG. 1 1 is another sectional view of a particular embodiment of a reflective 
10 element of the present invention; 

FIG. 1 1 A is a graphical depiction of the transmissivity of the reflective 
element of FIG. 11; 

FIG. 1 1 B is a graphical depiction of the emission spectrum of the display 
element for the reflective element of FIG. 11; 

FIG- 12 is another sectional view of another particular embodiment of a 
reflective element of the present invention; 

FIG. 12A is a graphical depiction of the transmissivity of the reflective 
element of FIG. 12; 

FIG. 12B is a graphical depiction of the emission spectrum of the display 
20 element for the reflective element of FIG. 12; 

FIG. 13 is another sectional view of another particular embodiment of a 
reflective element of the present invention; 

FIG. 13A is a graphical depiction of the transmissivity of flie reflective 
element of FIG. 13; 

25 FIG. 14 another sectional view of a particular embodiment of a double stack 

reflective element of the present invention; 

FIG. 14A is a graphical depiction of the transmissivity of the double stack 
reflective element of FIG. 14; 

FIG. 14B is a graphical depiction pf flie emission spectrum of the display 
30 element for the double stack reflective element of FIG. 14; 

FIG. 15 another sectional view of another particular embodiment of a double 
stack reflective element of the present invention; 
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no. 15A is a gr^hical depiction of the transmissivlty of the double stack 
reflective element of FIG. 15; 

no. 16 another sectional view of a particular embodiment of a multiple stack 
reflective elemait of die present invention; 

5 FIG. 16A is a graphical depiction of the transmissivlty of the multiple stack 

reflective element of FIG. 16; 

FIG. 17 another sectional view of another particular embodiment of a multiple 
stack reflective element of the present invention; 

FIQ. 17 A is a graphical depiction of the transmissivity of the multiple stack 
10 reflective client of FIG. 1 7; and 

na 18 is a forward facing view of another electro-optic mirror reflective 
element in accordance with of the present invention. 

DESCRIPTIQM OF THE PREFRRRTgp EMBODTMraMTR 
Referring now to the drawings and the illustrative embodiments depicted 
therein, an electrochromic interior rearview mirror assembly 10 is mounted to a mounting 
button 12 mounted at an interior surface of a windshield 14 of a vehicle (FIG. 2). Mirror 
assembly 10 includes a housing or casing 15 and an electrochromic reflective element or 
mirror element 16 which has electrically variable reflectivity. Reflective element 16 includes 
first and second glass substrates 22. 24, and provides a third surfece reflective element, 
whereby the reflective coating of the reflective element 16 is deposited on the lliird surfece 
24a of the substrates (FIG. 3). An electrochromic medium 40 and a plurality of metallic and 
non-metallic conducting or semi-conducting layers 28 are disposed between the 
electrochromic medium 40 and Ifae second substrate 24. The refiactive indices and physical 
thicknesses of the layers are selected to maximize transmission of a particular spectral band 
of light while substantiaUy reflecting other light. Althou^ shown and described herein as 
being implemented in an interior rearview minor assembly of a vehicle, tiie reflective 
element or mirror element of the present invention is equally suitable for exterior rearview 
mirror assemblies for vehicles or for otiier minor assembhes, without affecting the scope of 
the present invention. 

Electrochromic reflective element 1 6 comprises a first substantiaUy 
transparent substrate 22 and a second substantiaUy transparent substrate 24 (which may be 
glass substrates or tiie like). The first substrate 22 includes an electrically conductive or 
semi-conductive layer 26. such as a tin oxide or indium tin oxide QTO) or any otiier 
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transparent electricaUy semi-conductive layer or coating or the like (such as ICO, IWO. lO 
layers or the like), deposited on an inward surfece 22a of first substrate 22 (i.e., the second 
surfece 22a of the reflective element 16). 

Also, the first (outennost) smfece 22b of front substrate 22 may be optionally 
coated with an anti-wetting property such as via a hydrophilic coating (or stack of coatings), 
such as is disclosed in U.S. Patents 6,193,378; 5,854,708; 6,071,606 and 6,013,372. the entke 
disclosures of which are hereby incorporated by reference herein. Also, the first (outermost) 
surfece 22b of front substrate 22 may be optionally coated with an anti-wetting property such 
as via a hydrophobic coating (or stack of coatings), such as is disclosed in U.S. Patent 
5,724.187, the entire disclosure of which is hereby incorporated by reference herein. Such 
hydrophpbic property on the first/outermost surface of electrochromic mirror reflective 
elements (and on the first/outermost surface of non-electrochromic minor, non-electrooptical 
conventional reflective elements) can be achieved by a variety of means such as by use of 
organic and inorganic coatings utilizing a silicone moeity (for example, a urethane 
incorporating siUcone moeities) or by utilizing diamond-like carbon coatings. For example, 
long-term stable water-repellent and oU-repellent ultra-hydiophobic coatings, such as 
described in PCT Application Nos. WO0192179 and WO0162682. the entire disclosures of 
which are hereby mcoiporated by reference herein, can be disposed onihe first (outermost) 
surface 22b of front substrate 22. Such ultra-hydrophobic layers comprise a nano structured 
surface covered with a hydrophobic agent which is supplied by an underlying replenishment 
layer (such as is described in Classen et al., "Towards a True "Non-Clean" Property: Highly 
Durable Ultra-Hydrophobic Coating for Optical AppUcations", ECC 2002 "Smart Coatings- 
Proceedings, 2002, 181-190, tiie entire disclosure of which is hereby incorporated by 
reference herein). 

Second substrate 24 includes at least tbiee layers or coatings defining a 
reflective and conductive layer or stack or ISI layer or stack 28 (i.e., tiw combination or stack 
of a layer of a semi-conducting coating (such as an ITO layer or flie like); a metallic layer 
(such as a layer of silver, aluminum or an aUoy of silver or an alloy of aluminum or otiier 
metal or metal alloy); and anotiier layer of a semi-conducting coating (such as an ITO layer 
or tiie like), as discussed below, is referred to herein as an ISI stack or layer) on an inward 
surface 24a of second substrate 24 (or tfie tiiird surfece of tiie reflective element). Thus, an 
ISI slack 28 comprises a metallic layer sandwiched between two semi-conducting layers 
(bofli of which preferably are die same material, but eiflier of which can be different from flie 
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other). In the Ulustrated embodiment of FIG. 4. ISI layer 28 comprises a first semi- 
conductive layer 30 disposed on inward surfece 24a of second substrate 24, a second semi- 
conductive layer or adhesion layer 32 disposed on semi-conductive layer 30, a metalUc layer 
or coating 34 disposed on semi^nductive layer 32, and a transparent semi-conductive layer 
or passivation layer 3 6 disposed on metalUc layer 34. As shown in FIGS. 3 and 4, first semi- 
conductive layer 30 extends outwardly fiom the other ISI layers 32, 34 and 36, in order to 
provide for electrical connection with bus bars 38 of mirror assembly 10. As referred to 
herein as an "ISI layer" or an "ISI stack", the conductive and reflective stack or layers of the 
present invention may comprise materials or coatings other than ITO, ICO, lO, IWO layers or 
coatings or the like and sUver or silver alloy layers or coatings, without affecting the scope of 
the present invention. For example, a semi-conducting layer of doped zinc oxide, or a semi- 
conducting layer of cadmium stannate, or a semi-conducting layer of titanium nitride or other 
titanium compound or the like may be used in the stack, without affectmg the scope of the 
present invention. 

As shown in FIG. 3, die first and second substrates 22, 24 are positioned in 
spaced-apart relationship with one another with an electrochromic medium 40 disposed 
between semi-conductive layer 26 and semi-conductive layer 36. The electrochromic 
medium 40 changes color or darkens m response to electricity or voltage applied to or 
through the semi-conductive layers 26 and 30 at either side of the electrochromic medium. 
The electrochromic medium 40 disposed between the fiont and rear substrates 22, 24 may be 
a solid polymer matrix electrochromic medium, such as is disclosed in U.S. Pat No. 
6,154,306, which is hereby incorporated by reference herein, or other suitable medium, such 
as a liquid or soUd medium or thin fihn or the like, such as the types disclosed in U.S. pat 
application, Ser. No. 09/793,002, entitled VIDEO MIRROR SYSTEMS INCORPORATING 
AN ACCESSORY MODULE, filed Feb. 26, 2001 (Attorney Docket No. DONOl P-869), and 
in U.S. Pat. Nos. 5,668,663 and 5,724,187, the entire disclosures of which are hereby 
incorporated by reference herem, without affectmg the scope of the present mvention. The 
electrochromic mirror element may utilize the principles disclosed in commonly assigned 
U.S. Pat Nos. 5.140,455; 5.151,816; 6,178,034; 6,154.306; 6,002,544; 5,567.360; 5,525,264; 
5.610.756; 5.406.414; 5.253,109; 5,076,673; 5,073,012; 5,117.346; 5,724.187; 5,668,663; 
5,910.854; 5.142,407 or 4,712,879. which are hereby incorporated herein by reference, or as 
disclosed in the foUowmg publications: N. R. Lynara. "Electrochromic Automotive 
Day/Night Mirrors", SAE Technical Paper Series 870636 (1987); N. R. Lynam, "Smart 
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Windows for Automobiles", SAE Technical Pqper Series 900419 (1990); N. R. Lynam and 
A. Agrawal, "Automotive Applications of Chromogenic Materials", Large Area 
Chromogenics: Materials and Devices for Transmittance Control, CM. Lampert and C.G. 
Giandquist, EDS., Optical Engineering Press, Wash. (1990), which are hereby incorporated 
by reference herein, and in U.S. pat. application, Ser. No. 09/792.002, filed Feb. 26, 2001 by 
Schofield et al. for VIDEO MIRROR SYSTEMS INCORPORATING AN ACCESSORY 
MODULE (Attorney Docket DONOl P-869), which is hereby incorporated herem by 
reference. Reflective element 16 may also include a seal 41 positioned around the outer 
portions of the layers 32, 34, 36 and the electrochromic medium 40 to seal Ihe layas and 
avoid corrosion of the metallic layer 34. 

During operation, a voltage may be applied to reflective element 16 via bus 
bars 38 positioned around and engaging the outer edges of the semi-conductive layers 26, 30 
(FIG. 3). The voltage applied by bus bars 38 is bled from semi-conductive layer 30 and 
through the layers 32, 34, 36 to the electrochromic medium 40. The ISI layer 28 of the 
present invention preferably provides for reduced resistance thioug^i the layers, which 
provides for faster, more uniform coloration of the electrochromic medium 40, since the 
. electrons applied via bus bars 38 at semi-conductive layer 30 may bleed fluou^ the srani- 
conductive layers 32, 36 faster due to the enhanced conductivi^ m the conductive layers 32, 
36. Prrferably, flie ISI layer or stack 28 provides a sheet resistance of less tihan 
approximately 10 ohms per square, more preferably less than approximately 5 ohms per 
square, and most prejferably less flian approximately 2 ohms p«r square. Desirably, and 
particularly for lar^r area minors, the sheet resistance is less than approximately 1 ohm per 
square, such as in the range of approximately 0.1 to 0.7 ohms per square. 

In order to provide aihanced performance of the electrodbromic element, each 
of the layers of the ISI layer or stack has substantial conductivity and none of fee layers 
significantly retard electron/electrical conductivity from one layer to the other ttu^oughout the 
stack, and, thus, do not impede the flow of electrons into the electrochromic (EC) medium. 
In this regard, it is desuable that one or more of the metallic layers comprises a metallic 
material (which is preferably a highly reflective material, such as silver or silver alloys or the 
like) havmg a specific resistivity of preferably less than approximately 5x10*^ ohm.cm, more 
preferably less than approximately IxlO ' ohm.cm, and most preferably less than 
approximately 5x10"^ ohm.cm. Preferably, such a highly conductive metallic layer or layers 
is/are sandwiched between two non-metallic, partially conducting layers, preferably formed 
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of a non-metaUic material (such as a semi-conducting oxide, such as indium oxide, tungsten 
oxide, tin oxide, doped tin oxide or the like) having a specific resistivity of less than 
approximately 1x10'=^ ohm.cm, more preferably less tiian approximately 1x10"^ ohm.cm. and 
most preferably less than approximately 5x10"^ ohm.cm. 

hi the iUustrated embodiment of HGS. 3 and 4, first semi-conductive layer 30 
is deposited on inward surface 24a of second subsbate 24. The semi-conductive layer 30 
may be deposited on the glass or substrate 24 via any suitable process. The particular 
thickness of the conductive layer may vary depending on tiie particular application of 
reflective element 16, as discussed below, hi the illustrated embodiments of FIGS. 2-4, the 
semi-conductive layer 30 need not be tiansparent and may comprise a chromium layer or tiie 
like. However, the semi-conductive layer 30 may comprise a generally transparent semi- 
conductive layer of coating, such as a tin oxide layer, an indium tin oxide (ITO) layer or the 
like, witiiout affecting the scope of tiie present invention, hi a preferred embodiment, semi- 
conductive layer 30 may comprise a chromium layer on surface 24a of second substiate 24. 

The f ansparent semi-conductive layers 32 and 36 of ISI layer 28 on second 
substiate 24 preferably comprise non-metallic transparent electrically conducting or semi- 
conducting materials, such as tin oxide, indium oxide, indium cerium oxide, mdium tungsten 
oxide, nickel oxide, tungsten oxide, mdium tin oxide, half-wave indium tin oxide, fiiU wave 
indium tin oxide, doped tin oxides, such as antimony-doped tin oxide and fluorine-doped tin 
oxide, doped zinc oxides, such as antimony-doped zinc oxide and aluminum-doped zinc 
oxide and/or tiie like. Preferably, botii of tiie semi-conductive layers 32, 36 comprise tiie 
same ^e of material for ease of manu&cturing, as discussed below. 

MetaUic layex or coating 34 comprises a flim fihn or layer of metal, such as 
silver, alummum, or aUoys tiiereof, or tiie Kke. witii a selected fliickness to provide sufficient 
reflectivity and/or ti-ansmissivity, as discussed below. Preferably, tiie selected metallic 
material comprises silver, but may otiierwise comprise a material selected firom aluminum, 
silver alloys, aluminum alloys (such as 6061 or 1100 alummum alloys or tiie like), 
manganese, chromium or rhodium, or any otiier metallic material which is sufiScientiy 
reflective and/or transmissive at a selected tiiickness. The tiiickness of metaUic layer 34 is 
preferably selected to be tiiick enough (such as approxunately 600-lOOOA) to be substantially 
reflective and not tiansmissive, such tiiat tiie ISI layer 28 is substantially opaque or non- 
transparent. 
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In a prefeired mbodiment, the s«ni-conductive layer 30 comprises indium tin 
oxide (TTO) and is deposited onto surfece 24a of substrate 24 via a hot deposition process, 
involving, for example, sputter deposition onto a heated substrate, with the heated substrate 
often being heated to a temperature of greater than about 200°C, sometimes greater than 
5 300°C, as is known in the art. The combination of the semi-conductive layer 30 on the 
substrate 24 defines a conductive substrate which may be used for various embodiments of 
the present invention, as discussed below. 

The semi-conductive layer 32 of ISI layer 28 may be deposited onto semi- 
conductive layer 30 via a cold deposition process, such as sputter coating or the Uke onto an 
10 unheated substrate. Preferably, each of the layers 32, 34, 36 of ISI layer 28 is deposited on 
second substrate 24 by a sputter deposition process. More particularly, the substrate 24 
(including the semi-conductive layer 30 aheady deposited thereon) may be positioned in one 
or more sputter deposition chambers with either planar or rotary magnetron taigets, and with 
deposition of the layers being achieved by either reactive deposition of an oxide coating by 
15 sputtering fiom a metal target (or from a conductive, pressed oxide target) in an oxygen-rich 
atmosphere, or by DC sputtering from an oxide target, such as an lO, IWO, ITO or ICO 
target or the like. For example, the substrate 24 may be sputter coated with two targets in a 
single chamber, such as by depositing the ITO layer 32 on semi-conductive layer 30, turning 
or flipping the taigets for sputter coating of the metallic layer 34, and then turning the targets 
20 back to deposit the second ITO layer or passivation layer 36 on the metallic layer 34. With 
such a process, it is important that the two ITO layers 30, 34 comprise the same conductive 
material. Alternately, two targets may be positioned in a row, such that the substrate 24 is 
moved from one target (for the first ITO coating) to the other (for the metalUc coating) and 
tfien back to the first (for the second ITO coating). It is finther envisioned that three targets 
may be positioned in a row, with each target depositing the layer m order on the substrate (in 
which case it would not be as unportant to have the semi-conductive or ITO layers 32, 36 
comprise the same material). Other processes for applying or depositmg layers of conductive 
material or layers and metalUc material or layers may be implemented, without affecting the 
scope of the present invention. In the iUustrated embodiment of nOS. 2 and 3, semi- 
conductive layer 30 may be deposited or applied to substantially the entire surface 24a of 
substrate 24, while the outer region or edge of semi-conductive layer 30 and substrate 24 may 
be masked during the deposition process so that layers 32, 34, 36 do not cover the outer edge 
of substrate 24 and semi-conductive layer 30. 
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Because the embodiment of tbe present invention iUustrated in FIG. 4 does not 
include a display on demand or other type of display transmitting or projecting through the 
electrochromic reflective element, it is desirable to have a thick metallic or silver layer 34. 
such as in a range of approximately 600-lOOOA, since the metallic layer does not have to be 
transmissive of any light therethrough. It is also umieoessary for the second substrate to be 
transparent However, it is desirable to avoid tinting or color interference affects as seen in 
reflection from tiie reflector (which may arise when stacking layers of conductive coatings 
and/or metallic coatings on top of one another), since it is desirable to have a neutral or non- 
colored/non-tinted reflector when no voltage is appUed across the electrochromic medium. 

OptionaUy, the metaUic layer may be absent or removed at portions, such as to 
create a local window for placement tiierebehind of a light emitting display, such as a 
compass display or PSIR display or oflier infonnational display or tiie like, such as a disphiy 
of the type disclosed in commonly assigned U.S. Pat. Nos. 6.222,460 and 6.326,900. which 
are hereby incorporated herein by reference in flieir entireties, but while maintaining' at least 
die underlying semi-conducting ITO layer at tiie local window region so that electrical 
connection tiirough the electrochromic medium at tfiat local region is sustained. In this 
regard, it is preferable to have an ITO underlayer with a sheet resistance of less than 
approximately 80 ohms per square, more preferably less than approximately 25 ohms per 
square, and most preferably less tiian approximately 15 ohms per square. 

In order to avoid such undesirable tinting or color interference affects, such as 
yellow tinting or otiier color tinting of tiie compound or stacked reflective element, as seen in 
die reflection when the electrochromic reflective element is unpowered, die physical 
thicknesses of the conductive layera and the metaUic layer are selected to provide a desired 
combination of layer thicknesses to achieve die desired results. For example, the ISI layer 28 
may inchide an adhesion layer or undercoating semi-conductive layer 32 of approximately 
lOOA +/- 50A of ITO or die like, a silver layer 34 of approximately 800A +/- 200A and a 
passivation semi-conductive layer 36 of approximately 120A +/- 25A of ITO or flie like, 
which provides a desired result with minimal yeUow tinting or odier color tinting or color 
interference affects as seen m the reflection. 

The range of thicknesses of the layers may be selected to provide a desired 
untinted affect m the reflection, such tiiat the reflective element may be spectraUy tuned to 
provide a desked reflectant mitinted appearance. Testing of various embodiments has shown 
tiiat die tiiicknesses of the layers may vary by approximately 25 percent or more from a 
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desired or targeted dimension, yet vdll stUl provide the desired results. Such tolerances 
significantly ease the processing of the ISI layer, since this is well within the capability of 
typical sputter coating equipment Preferably, the layers of the reflective element and ISI 
stack are selected such that the reflective element provides a substantially spectrally untinted 
reflection when viewed by a driver or passenger in the vehicle when no voltage is appUed 
across the electrochiomic medium. Also, the layers preferably may be selected and 
combined to exhibit a spectraUy selective tiansmissive characteristic, which is estabhshed by 
the refiactive indices and physical tiiicknesses of tiie layers disposed between the 
electrochromic medhun and the tiurd surface of the second substrate. 

Although the above embodiment provides a desired neutral color/tint for the 
reflector, if the passivation layer 36 is increased in tiuckness. the reflector may become tinted 
or yellowed. However, if the passivation layer is further increased in tiiickness to 
approximately 680A, tiien the non-tinting is approximately the same as when the passivation 
layer has a tiuckness of approximately 120A. This periodic change in tinting afiect in 
response to th. tiiicknesses of tiie layers or coatings of tiie ISI layer of tiie present invention 
aUows for selection of different tiucknesses of tiie layers depending on tiie particular 
application and desured result of tiie electrochromic reflective element of tiie present 
inventioiL 

Referring now to FIGS. 5 and 6, areflective element 1 16 may have an ISI 
stack or layer 128 comprismg a first semi^onductive layer or adhesion layer 132 deposited or 
sputter coated directly onto surface 24a of second substrate 24. a metallic layer 134 deposited 
on semi-conductive layer 132. and a second semi-conductive layer or passivation layer 136 
deposited on metallic layer 134. The substrate 24 is masked around substantially tiie entire 
outer region 24c of surface 24a during tiie deposition process, such tiiat tiie ISI layer 128 is 
not deposited in tiie masked region 24c. However, flie substiate is not masked over tiie entire 
outer edge or region of substrate 24. in order to allow deposition of tiie ISI layer at a 
particular area, such tiiat a tab^jut portion or area 1 3 1 is formed m tiie ISI layer 1 28. The tab 
out area 131 feciUtates electrical comiection witti flie conductive coatings 132, 134 136 such 
that tiie first semi-conductive layer 30 of reflective element 16 is not required. In a preferred 
embodiment of tiie present invention, tiie reflective element 1 1 6 may mclude a semi- 
conductive layer 132 of an ITO coating which has a tiiickness of approximately 1 OOA +/- 
25A. a sUver layer 134 havmg a tiuckness of approximately 900A 4-/- lOOA. and a second 
semi-conductive layer 136 of ITO or flie like having a tiiickness of approximately 120A +/- 
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25A. Such an anangement of semi-conductive layers and a sandwiched metallic layer 
provides a neutial reflectance with minimal tinting or color interference affects as seen in 
reflectance and wifli the electrochiomic medium unpowered. 

The opaque ISI layer 28, 128 and third surface reflective element of the 
present invention therefore provides an economical, low cost electrochromic reflective 
element, which provides a neutral color reflection. Typically, for a sputter coathig operation, 
arange of within +A 5% of a nommal target for uniformity of coating is desired. However, m 
the present invention, the uniformity tolerance is approximately +/- 25% for each of the 
coatings or layers from cell to cell. The ISI layer on the second substrate is thus easy and fast 
to manufecture due to tiie thicknesses and the tolerances for the thickness of each particular 
coating. 

RefeiTing now to FIGS. 7 and 8, a mirror assembly 2 1 0 in accordance with the 
present invention (shown as an interior rearview mirror assembly in FIG. 7; however, the 
miiTor assembly may be an exterior mirror assembly or otiier mirror assembly, withoirt 
affecting tiie scope of flie present invention) may include a display system or element 218 
which is operable to provide, emit or display mfonnation or Hght through a mirror element or 
reflective element 216 of die mirror assembly. The light is knitted through the reflective 
element 216 at a display area 220 of nunor assembly 210. such tiiat the display information 
or light is viewable by a driver of the vehicle. The reflective element 216 includes firet and ^ 
second substrates 222. 224. and a conductive and transmissive ISI stack or layer 228 disposed 
on tiie inward surface 224a of tiie second substrate (or tiie tiiird surface of tiie reflective 
elfement). The second substrate 224 and ISI layer 228 comprise a toansflective one way 
mirror, such as disclosed in commonly assigned U.S. pat appHcation. Ser. No. 10/054,633, 
filed Jan. 22. 2002 by Lynam et al. for VEHICULAR LIGHTING SYSTEM (Attorney 
Docket DONOl P.962). which is hereby incorporated herem by reference. Preferably, tiie 
mirror reflective element (behmd which flie display is disposed so tiiat tiie information 
displayed is visible by viewing tiirough tiie mirror reflective element) of tiie mirror assembly 
comprises a transflective muror reflector such tiiat tiie mirror reflective element is 
significantiy transmitting to visible Hght incident from its rear (i.e., tiie portion furthest from 
tiie driver m tiie vehicle), while simultaneously, tiie mirror reflective element is substantially 
reflective to visible lig^it incident from its front (i.e. tiie position closest to tiie driver when tiie 
mterior mim>r assembly is mounted in tiie vehicle). The transflective electrochromic 
reflective mirror element (such as is disclosed in U.S. pat. application, Ser. No. 09/793.002. 
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entitled VIDEO MIRROR SYSTEMS INCORPORAnNG AN ACCESSORY MODULE, 
filed Feb. 26. 2001 (Attorney Docket No. DONOl P-869) and in U.S. Pat Nos. 5,668,663 Ind 
5.724.187, tiie entire disclosures of which are hereby incorporated by reference herein) 
comprises an eleclrochromic medium sandwiched between two substrates. 

The ISI stack or layer 228 includes a conductive metallic layer 234, which is 
thm enough to be sufficiently transparent or tiansmissive to allow the display information to 
be transmitted through the ISI layer 228 and through reflective element 216 for viewing by 
the driver of the vehicle. As the thickness of the metallic layer 234 decreases, the 
transmissivitjr mcreases. but the reflectivity decreases. Therefore, a desired thickness of the 
metalUc layer (along with a desired thickness of the other layers of the ISI stack or layer) 
must be selected to provide sufficient reflectivity and trBnsmissivity, as discussed below. 
Because the metallic layer 234 is at least partially transmissive, it is desirable to provide an 
opaque coating or tape or the like 225 on an outer surface 224b of second substrate 224 (or 
the fourth surfece of the reflective element 216). The coating or tape 225 may be a black tape 
15 or other color tape or coating. 

Display system 218 preferably comprises a display on demand type of display 
and mcludes a display element or light emitting device 218a positioned at the back surfece 
224b of second substrate 224. Display element 218a is operable to emit Hght, such as m the 
form of indicia, alphanumeric characters, images, or the like, m response to a control or mpuL 
Display element 2 1 8a may be a vacuum fluorescent (VF) display, a light emittmg diode 
(LED), an organic light emitting diode (OLED), a gas discharge display, aplasma display, a 
cathode ray tube, a backlit active matrix LCD screen, an electrolummescent display, a field 
emission display or the like, without affecting the scope of the present invention. The 
particular display element may be selected to provide a desired color to the display. For 
example, a VF display may provide a blue-gre«i color or other colors to the information 
displayed (depending on the phosphor selected for the display), while a light emitting diode 
may provide other colors, such as reds, ambers, or other colors. 

Prefeably, the dbplay is a display-on-demand type of display, such as of the 
type disclosed in commonly assigned U.S. Pat. Nos. 5,668.663 and 5,724,187. and/or in U.S. 
pat. appUcations. Ser. No. 10/054,633, filed Jan. 22. 2002 by Lynam et al. for VEfflCULAR 
LIGHTING SYSTEM (Attorney Docket DONOl p.962); and Ser. No. 09/792,002. filed Feb. 
26. 2001 by Schofield et al. for VIDEO MIRROR SYSTEMS INCORPORATING AN 
ACCESSORY MODULE (Attorney Docket DONOl P-869). which are all hereby 
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incoiporated herein by reference. With such a display, it is not only desirable to adjust the 
display brightness according to ambient lighting conditions, but it is also desirable to adjust 
the display brightness such that a sufficient contrast ratio is maintained against the variable 
background brightness of the reflected scene. Also, it may be desirable to compensate for 
5 changes in transmission of the electrochromic device effected to control rearward glare 

sources, in order that the display brightness appears to be maintained at a generally constant 
level. 

It is envisioned that the display 21 8 may include a filter or spectral element 
217 positioned between the illumination source or display element 21 8a of the display 218 

10 and the outer or fourth surfece 224b of second substrate 224. The filter 217 may function to 
fUter out light having a wavelength outside of the desired band of light being emitted by the 
display element or, in other words, the filter or spectral element 217 may transmit a band 
width of light that substantially matches the particular spectral output of the display or that 
substantially matches a desired color for the display mformation. By transmitting only the 

15 spectral band which at least generally matches the spectral output of the display device, the 
filter functions to filter out ghost images of the display, where ambient Ught may enter the 
display, such that the display characters may be visible through the reflective element when 
the display is off. 

Because the reflectivity of the metalUc layer 234 provides sufficient 
20 reflectance over its entire surface (i.e., there are no "windows" formed in or throu^ the 
metallic layer), muror assembly 210 may include other displays or multiple display on 
demand displays, or oflier types of displays, such as one or more "display on need" displays 
or the like. For example, one or more display on need displays 213 (FIG. 7) may be 
provided, such as to indicate to the driver of the vehicle that a door is ajar, or fliat the driver's 
seat belt is not fastened, or any other condition or status that may be important to the driver of 
the vehicle. The display on need type display or displays may provide mdicia, alphanumeric 
characters, symbols, or the like via one or more light emitting sources (not shown) behind the 
second substrate m a sunilar manner as display system 21 8 discussed above, and may include 
a filter (also not shown) for filtering out Ught that is not vwthin the desired spectral band of 
the particular display system. 

In the illustrated embodunent of HG. 8, ISI layer or stack 228 includes a first 
semi-conductive layer 230, a second semi-conductive layer or adhesion layer 232, a reflective 
and transmissive metallic layer 234 and a semi-conductive or passivation layer 236. Similar 
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to ISI layer 28, discussed above, semi-conductive layer 230 may be deposited or appUed to 
substantially the entire suifece 224a of substrate 224, while the outer region or edge of semi- 
conductive layer 230 and substrate 224 may be masked during the deposition process so that 
the layers 232. 234, 236 do not cover the outer edge of substrate 224 and semi-conductive 
layer 230. 

Preferably, the physical thicknesses of the metallic layer 234 and the semi- 
conductive layers 230. 232 and 236 are selected to provide sufficient transmissivity of at least 
a particular spectral band or range of wavelengths of light which generally matches the peak 
intensity spectral band of Ught being emitted by the display. Such spectral tuning or 
matching of the layers to the display aUows the display infomiation to transmit through the 
reflective element for viewing of the display information by the driver of the vehicle, wMle 
also providing sufficient reflectivity over the entire reflective element, and while minimizmg 
the tinting or color interference affects on the reflected image (or targetmg such tinting 
affects toward a desired color). Preferably, the light transmission of the particular speclxal 
band through the reflective element is greater than approximately 15 percent and the 
reflectivity of the reflective element to other wavelengths of light is greater than 
approximately 80 percent. More preferably, the light transmission is greater than 
approximately 20 percent, and most preferably greater than approxunately 25 percent. • 

The reflective element 216 is spectrally tuned to maxhnize transmissivity of a 
particular desired or targeted range or ranges of wavelengths or spectral bands and to 
substantially reflect or not transmit other wavelraigths of Ught The particular choices or 
thicknesses of the layers is influenced by the spectral emission of the display being used in 
the mirror assembly. In one exemplary, preferred embodiment of the present invention, a 
transmissive ISI layer or stack 228 includes a metallic layer 234 of approximately 350A 
sandwiched between a semi-conductive passivation layer 236 of approximately 680A and a 
semi-conductive adhesion layer 232 of ^proximately 410^ The adhesion layer 232 is 
deposited on a semi-conductive layer 230 having a thickness of q)proximately 300A. In this 
embodiment, the ISI layer 228 is spectrally tuned for transmission of an orange light (having 
a peak intensity wavelengfli in the range of approximately 600 nm) emitting from display 
device 218a. 

In certain conditions, the ambient Ught intensity within the cabin of the vehicle 
may be sufHciently high so that reflected Ught from the miixor reflective element and, in 
particular, from the display region 220, tends to "wash-ouf ' the display. It is envisioned that v 
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. this glare may be reduced by taking advantage of the electroduomic function of the mirror 
assembly. More particularly, iJie electrochromic medium 240 of the electrochromic mirror 
reflective element 2 16 may be colored or darkened in the area of the display by constructing a 
locally addressable region across the display (as shovwi at 220. 220a of HG. 7). This may be 
achieved by creating a deletion line in Ihe second surfece semi-conductive layer 226 at the 
second surfece of the first or ftont substrate 222 (FIG. 8) and/or in the third surface semi- 
conductive layer 230 (or a third surfece semi-conductive layer of the type shown in FIG. 9 
and described below at 332), hence breaking electrical continuity &om tiie rest of tiie 
electrochromic celL An ambient light sensor (not shown) may be used to detect the critical 
ambient light levels at which "wash-out" is a problem. The addressable region may tiien be 
separately colored or darkened to tiie appropriate level to reduce flie glare from tiie display 
area in response to flie ambient Ught sensor. Altiiough such a glare problem could be solved 
by colormg tiie entire mkror, by localizing tiie region of coloration to only tiie display area, 
tiie electrochromic mirror assembly of tiie present invention allows tiie rest of tiie minor 
reflective area, which does not incoiporate tiie display, to retain full reflectivity whUe tiie 
display area is colored or darkened (such as may be useful when driving by day). 

In anotiier exemplary preferred embodiment of flie present invention, a 
liansmissive ISI layer includes a metallic layer 234 of approximately 400A sandwiched 
between a serai-conductive passivation layer 236 of approximately 427A and a semi- 
conductive adhesion layer 232 of approximately lOOA. The semi-conductive adhesion layer 
232 is deposited on an adhesion or semi-conductive layer 230 having a tiiickness of 
approximately 300A. hi tiiis embodiment, tiie ISI layer 228 is spectraUy tuned for spectrally 
selective ti^smission of a blue-green Kght (having a peak intensity wavelengtti of 
approximately 505 nm) emitting from display device 218a. 

The tiiickness of tiie first semi-conductive layer 230 is tiie same for each 
embodiment described above (and for tiie particular embodiments discussed below witii 
respect to HGS. 10-17), in order to provide a common conductive substrate (including tiie 
semi-conductive layer 230 already deposited or coated on tiie surfece of tiie substrate) for tiie 
different particular applications of ttie substi:ate and ISI layers of flie present invention. This 
eases tiie manufacturing of tfie reflective element, since tiie same hot ITO coating or tiie like 
may be applied to common substiates for various applications, and tiien tiie conductive 
substrates may be coated wifli different tiiickness layers of conductive and metalUc coatings 
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for diflferent appUcations of the reflective element (such as for miirors having di^rent 
colored displays). 

As discussed above with respect to ISI layer 128. and with reference now to 
no. 9, the second substrate 324 may have an ISI layer 328 on its inwaid surfece 324a which 
may include layers 332, 334. 336 which may have a tab-out portion 331 for electrical 
connections, so as to not require the first conductive layer, without affecting tiie scope of the 
present invention. Because the metallic layer 334 is tiiin and not as conductive as the 
metaUic layer 134, discussed above, flie tab-out portion 33 1 of ISI layer 328 is preferably 
substantially larger in size or width tiian the tab-out portion 131 may have been for ISI layer 
128. hi a particular exemplary prefeired embodiment of the substrate 324 and ISI layer 328 
of HG. 9, where the conductive layer 332 is deposited direcfly on tiie surface 324a of 
substrate 324, tiie ISI layer 328 may include a metallic layer 334 of approximately 350A 
sandwiched between a passivation layer 336 of approximately 700A and an adhesion layer 
332 of approximately 700A. This combination or stack of layers on the glass or substrate 324 
provides a transflective reflective element which is at least approximately 20 percent 
transmissive and which is spectraUy tuned to pass a particular band of tight being emitted by 
display device 2 1 8a of display system 21 8. In this particular embodiment, tiie transflective 
reflective element is spectrally tuned to pass tight having a peak mtensity wavelengfli of 
approximately 605 nanometers. 

Otiier tijicknesses of layers may be selected for different displays having 
different colors or wavelengtiis of emitted light, without affecting flie scope of tiie present 
invention. The tiricknesses and particular materials of tiie layers of tiie ISI stack and 
transflective reflector are selected such fliat tiieu- combination proyi.des enhanced or 
substantial ttansmissivity of tiie spectral band or bands corresponding to tiie spectral band of 
tight emitted by tiie particular display implemented in flie reflective element, whUe providing 
substantial reflectance of otiier visible light. 

Referring now to FIG. 10, a second substrate 424 may have a double ISI layer 
428 appUed to mward surfece 424a. Double ISI layer 428 includes a first semi-conductive 
layer 430 applied to or d^sited on inward surfece 424a, a second semi-conductive or 
adhesion layer 432a deposited on semi-conductive layer 430, a first metallic layer 434a 
deposited on semi-conductive layer 432 and anotiier semi-conductive layer 436a deposited on 
metaUic layer 434a. Double ISI layer 428 further includes a second metallic layer 434b 
deposited on semi-conductive layer 436a with anotiier semi-conductive layer 436b deposited 
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on second melaUic layer 434b. Therefore, the ISI stack or layer 428 is an alternating stack or 
combination of dielectric or transparait semi-conductive layers and metaUic layers, whereby 
each metallic layer is sandwiched between a respective pair of conductive or semi-conductive 
non-metallic layers. 

Such an anangement may be used to provide a desired amount or increased 
amount of spectrally selective transmission of one or more particular spectral bands of light 
through the ISI layer, whUe increasing the reflectivity or maintaining the reflectivity of the 
ISI layer with respect to other spectral bands of Ught over the single ISI layer designs 
discussed above. More particularly, die double stack arrangement (or more layers if desired) 
provides for increased transmission of a narrower spectral band of light, which aUows the 
reflective element to transmit a high percentage (such as greater than approximately 50 
percent transmissivity) of a selected narrow spectral band of light. The narrow spectral band 
is selected so as to be pinpointed or targeted at the particular peak intensity wavelength or 
wavelengths of light being emitted by the display device. Such an arrangement is particularly 
suitable for use with display devices incorporating light emitting diodes, which may emit 
light within a particular, narrow spectral band. The particular thickness for each layer or 
coating may be selected depending on the particular application and desired results. 

For example, in a single ISI layer design v^ch provides approximately 20-25 
percent transmissivity of a particular spectral band or range, the reflectance of the ISI layer 
may be approximately 60-70 percent with respect to other Ught. If it is desired that the mirror 
have approximately 70 percent photopic reflectance or higher and increased transmissivity of 
a desired spectral band of light, a double ISI layer may be implemented. One particular 
embodiment of such as double ISI layer provides a semi-conductive layer (430 and/or 432) of 
^oximately 708A (such as a layer 430 of approxunately 300 A and a layer 432a of 
approximately 408 A) of ITO or the like, a first metallic layer 434a of approxunately 41 1 A. a 
semi-conductive layer 436a of approxunately 1009A of ITO or the like, a second metallic 
layer 434b of approxunately 360A and a semi-conductive layer 436b of approxunately lOOA 
of ITO or the like. This embodiment provides increased reflectivity of the reflective element 
to most wavelengths of Kght, while achieving the desired amount of transmissivity of the 
particular, targeted spectral band or bands. This is because the two metaUic layers 434a, 
434b. which are generaUy planar and parallel to each other, are separated by a distance of the 
order of approximately lOOOA. which gives rise to multiple beam interference of the incident 
light, resulting in constractive interference at certain wavelengths and destructive interference 
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at oAer wavelengths. This particular example provides a reflective element which is 
spectrally tuned to substantially transmit light with a wavelength of approximately 602 
nanometers, while substantially reflecting other visible light 

Other materials (with other refractive indices) and otfier physical thicknesses 
may be selected to transmit other desired wavelengths or ranges of wavelengths, without 
affecting the scope of the present invention. Also, additional repeating layers may be added 
to form a multiple stack, such as an additional metallic conducting layer and an additional 
semi-conductive ITO layer (or the like), in order to achieve the desired affect The repeating 
layers form a narrow band ISI stack (which may have seven or nine or more layers of 
conductive layers and metallic layers), which functions to pass or transmit only such light 
which corresponds to one or more particular, substantially narrow spectral bands or ranges of 
wavelengths. The additional layers may provide enhanced performance of the reflective 
element Avith only an incremental increase in cost, since the additional layers are preferably 
deposited onto the other layers as part of the sputter coating process. With each additional set 
or stack of layers, each of the reflective, metallic layers may be reduced in thickness, which 
may provide increased transmissivity through the stack for a targeted spectral band, while 
still providing the desired amount of reflectivity over the reflective element For example, a 
mne layer ISI stack (such as shown in FIG. 1 7 and discussed below) may provide a reflective 
element that has a greater than approximately 60 percent transmissivity of one or more 
particular, narrow spectral bands, and which is tuned or pinpointed to match the emission 
spectrum from a particular display device (such as a display device including a light emitting 
diode). 

Referring now to FIGS. 1 M7, several particular examples of a reflective 
element or mirror element m accordance with the present invention are shown. The reflective 
elements of FIGS. 1 1-17 incorporate the design and functional aspects of the reflective 
elements discussed above, and are provided as specific examples of the present invention. 
The materials and physical thicknesses of the layers are selected to provide different 
refractive indices and thicknesses to provide different beam interference of the incident light, 
thereby resulting in the desired transmissive range for a particular display element In each 
embodiment of FIGS. 1 1-17, the various layers and substrates are given similar reference 
numbers as shown with respect to flie reflective elements shown in FIGS. 2-10, but with each 
embodiment adding 100 to the reference numbers of the previous embodiment 
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In FIG. 1 1, a reflective demait 516 has a front substrate 522 and a rear 
substrate 524 and a display element 518 at a rear or fourth suifece of rear substrate 524. A 
semi-conductive ITO layer (or fte like) 530 of appioxhnately 30 nm is deposited on the 
forward or third surfece of rear substrate 524, while a semi^nductive layer 526 (such as 
5 rrO. tin oxide or tiie like) is deposited on the rear or second surfeice of front substrate 522. 
An ISI stack or layer 528 and an electiochromic (EC) medium 540 and seal 541 are provided 
between the semi-conductive layers 526. 530. ISI layer 528 comprises a substantially 
transparent semi-conducting non-metallic adhesion layer 532 of approximately 41 nm of ITO. 
ICO. IWO or the like, a metaUic conducting layer 534 of approximately 35 nm of silver or 
10 sUver alloy or the like, and a substantially transparent semi-conducting non-metallic 

passivation layer 536 of approximately 68 nm of ITO, ICO, IWO or the like. As shown m 
FIG. 1 lA, such a configuration provides a transmissivity of light through reflective element 
516 witii a peak transmissivity of Ught having a wavelengtti of approximately 580 nm. The 
transflective reflector of the reflective element 5 1 6 is thus spectrally tuned to transmit light 
15 emitted from an orange vacuum fluorescent display 5 1 8, which emits Ught having a peak 

intensity of approximately 580 nm. as shown in FIG. 1 IB. The display 518 may also include 
a color filter 517, such as discussed above with respect to display 218. 

In FIG. 12, a reflective element 616 has a front substrate 622 and a rear 
substrate 624 and a display element 61 8 at a rear or fourth surface of rear substrate 624. A 
20 semi-conductive ITO layer (or flie like) 630 of approximately 30 nm is deposited on the 
forward or third surface of rear substrate 624, while a semi-conductive layer 626 (such as 
ITO, tin oxide or the like) is deposited on the rear or second surfece of front substrate 622. 
An ISI stack or layer 628 and EC medium 640 and seal 641 are provided between tiie semi- 
conductive layers 626, 630. ISI layer 628 comprises an adhesion layer 632 of approximately 
10 nm of rrO, ICO, IWO or the like, a metaUic layer 634 of approximately 40 nm of silver or 
sih^er alloy or the like, and a passivation layer 636 of approxunately 43 nm of ITO, ICO, 
IWO or flie like. As shown m HG. 12A, such a configuration provides a transmissivity of 
light through the reflective element wifli a peak transmissivity of Kght having a wavelength of 
approximately 500 nm. The reflective element 616 is thus spectrally tuned to transmit light 
emitted from a blue-green vacuum fluorescent display 61 8, which emits light having a peak 
intensity of approximately 500 ran, as shown in FIG. 12B. 

In no. 13, a reflective element 616' provides a substantially spectrally neutral 
transmission characteristic and has a front substrate 622' and a rear substrate 624' and a 
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display element 618' at a rear or fourth surfece of rear substrate 624'. A semi-conductive ITO 
layer (or the like) 630" of approximately 30 nm is deposited on the forward or third surface of 
rear substrate 624'. Avhile a semi-conductive layer 626* (such as ITO, tin oxide or the like) is 
deposited on the rear or second surface of fiont substrate 622'. An ISI stack or layer 628' and 
EC medium 640' and seal 641' are provided between the semi-conductive layers 626'. 630'. 
ISI layer 628' comprises an adhesion layer 632' of approximately 78 nm of ITO, ICO. IWO or 
the like, a metaUic layer 634' of approximately 31 nm of silver or silver alloy or the like, and 
apassivation layer 636' of approximately 63 nm of ITO, ICO, IWO or the like. As shown in 
FIG. 13A, such a configuration provides a generaUy neutral transmission of light through the 
transflective reflective element for most wavelengths of visible light. 

hi FIG. 14, a reflective element 716 has a front substrate 722 and a rear 
substrate 724 and a display element 718 at a rear or fourth surface of rear substrate 724. A 
semi-conductive ITO layer (or the Uke) 730 of approximately 30 nm is deposited on the 
forward or third surface of rear substrate 724, while a semi-conductive layer 726 (such as 
ITO, tin oxide or the like) is deposited on the rear or second surface of front substrate 722. A 
double stack ISI stack or layer 728 and EC medium 740 and seal 741 are provided between 
the semi-conductive layers 726. 730. Double stack ISI layer 728 comprises a semi- 
conductive adhesion layer 732 of approxunately 60 nm of ITO, ICO, IWO or the like, a firet 
metallic layer 734a of approxunately 33 nm of silver or sUver alloy or the like, a semi- 
conductive layer 736a of approximately 1 17 nm of ITO, ICO, IWO or the like, a second 
metallic layer 734b of approximately 33 nm of silver. sUver alloy or the like, and a semi- 
conductive layer 736b of approximately 86 nm of ITO. ICO. IWO or the like. As shown in 
FIG. 14A, such a configuration provides a transmissivity of light through the reflective 
element with a peak transmissivity of light having a wavelength of approximately 650 nm. 
The reflective element 716 is thus spectrally tuned to transmit light emitted from a red Ught 
emitting diode display 718. which emits Ught having a peak intensity of approximately 650 
nm, as shown in FIG. 14B. As can be seen with reference to FIGS. 14A and 1 1 A, the 
transflective reflector and double stack ISI layer 728 provide a narrower band of 
transmissivity for the desured spectral band or range of wavelengths being emitted by the 
display. Such a configuration thus may provide enhanced reflectivity of light outside of the 
targeted spectral band. 

In FIG. 15, a reflective element 816 has a firant substrate 822 and a rear 
substrate .824 and a display element 81 8 at a rear or fourth surface of rear substrate 824. A 
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semiHX>nductive ITO layer (or the like) 830 of approximately 30 mn is deposited on the 
forward or third surface of tear substxate 824, vAile a semi-conductive layer 826 (such as 
no. tin oxide or Ae like) is deposited on the rear or second surfece of fiont substrate 822 A 
double stack ISI stack or layer 828 and EC medium 840 and seal 841 are provided between 
the semi-conductive layers 826, 830. Double stack ISI layer 828 comprises a semi- 
conductive adhesion layer 832 of approxhnalely 23 mn of ITO. ICO. IWO or the like, a first 
metalUc layer 834a of approximately 30 mn of sUver or sUver alloy or the like, a semi- 
conductive layer 836a of approxhnately 204 nm of ITO. ICO. IWO or the like, a second 
metaUic layer 834b of approximately 34 nm of silver, silver alloy or the like, and a semi- 
conductive layer 836b of approximately 47 mn of ITO. ICO. IWO or the like. As shown m 
FIG. 15A, such a configumtion provides a transmissivity of light through the reflective 
element with a peak transmissivity of light having a wavelength of approxhnately 500 mn 
Tho reflective element 816 is thus spectraUy tuned to transmit light emitted from a blue-green 
hght emittmg diode display 818. which emits light havmg a peak intensity of approximately 
500 mn. Similar to double stack ISI layer 728 discussed above, the tiansflective reflector and 
double stack ISI layer 828 provide a narrower band of transmissivity for the desired spectral 
band or range of wavelengths being emitted by the display. Such a configuration thus may 
provide enhanced transmissivity of the preselected or targeted spectral band and enhanced 
reflectivity of Ught outside of the targeted spectral band. 

In FIG. 16. a reflective element 916 has a front substrate 922 and a rear 
substrate 924 and a display element 9 1 8 at a rear or fourth suifece of rear substrate 924 A 
semi-conductive ITO layer (or the like) 930 of approxhnately 30 mn is deposited on flie 
forward or thud surface of rear substrate 924. while a semi-conductive layer 926 (such as 
ITO, tin oxide or the like) is dq,osited on the rear or second surface of fiont substrate 922 A 
multiple stack ISI stack or layer 928. EC medimn 940. seal 941 and encapsulant 943 ar« 
provided between the semi^ductive layers 926. 930. The ISI layer 928 is provided on ITO 
layer 930 so as to have a tab out portion as discussed above with respect to ISI layer 328 
The encapsulant 943 is provided along the edges of the tab out portion of reflective element 
916, and the seal 941 is provided between the tab out portion and the TTO layer 926 on front 
substrate 922 and between the ITO layers 924. 926 aromid ISI layer 928 where there is no tab 
out portion. 

Multiple stack ISI layer 928 comprises an adhesion layer 932 of 
approximately 80 mn of ITO. ICO. IWO or the like, a first metallic layer 934a of 
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approximately 30 nm of silver or silver aUoy or the like, a layer 936a of approximately 101 
nm of siUcon oxide or the like, a layer 934b of ^proximately 60 mn of titanium oxide or the 
like, a layer 936b of approximately 95 nm of siUcon oxide or the like, a layer 934c of 
^proximately 161 mn of titanium oxide or the like, a layer 936c of approximately 53 nm of 
silicon oxide or the like, a metalUc layer 934d of approximately 50 mn of silver or silver alloy 
or the like, and a layer 936d of approximately 72 mn of ITO. ICO or the like. As shovm in 
no. 16A, such a configuration provides a transmissivity of light through the reflective 
element vdth a peak transmissivity of light having a wavelength of approximately 650 mn. 
The reflective element 916 is thus spectrally tuned to transmit light emitted from a red Ught 
emitting diode display 918. which emits light having a peak intensity of approximately 650 
nm. The transflective reflector and multiple stack ISI layer 928 provide an extra narrow band 
of transmissivity for the desired spectral band or range of wavelengths being emitted by the 
display. Such a configuration thus may provide enhanced reflectivity of light outside of the 
targeted spectral band. As can be seen in FIG. 16A, reflective element 916 m^ also transmit 
spectral bands of light at certain other wavelengths or ranges of wavelengths as well, such as 
at approximately 410 nm and 470 nm. 

In FIG. 17, a reflective element 1016 has a fiiont substrate 1022 and a rear 
substrate 1024 and a display element 1018 at a rear or fourth surfece of rear substrate 1024 
A semi-conductive ITO layer (or the like) 1030 of approximately 30 mn is deposited on the 
forward or third surface of lear substrate 1024, while a semi-conductive layer 1026 (such as 
ITO, tin oxide or the like) is deposited on the rear or second surfece of fiont substrate 1022. 
A multiple stack ISI stack or layer 1028, EC medium 1040, seal 1041 and encapsulant 1043 
(around a tab out portion of the ISI layer, as discussed above) are provided between the semi- 
conductive layers 1026, 1030. 

Multiple stack ISI layer 1028 comprises an adhesion layer 1032 of 
apprbximately 80 nm of ITO, ICO, IWO or the like, a first metalHc layer 1 034a of 
approximately 46 mn of silver or silver alloy or the like, a layer 1034b of approximately 80 
nm of titanium oxide or the like, a layer 1036a of approximately 85 mn of silicon oxide or the 
like, a layer 1034c of approximately 188 nm of titanium oxide or the like, a layer 1036b of 
approximately 48 nm of silicon oxide or the like, a metallic layer 1034d of approximately 42 
nm of silver or sHver alloy or the like, and a layer 1036c of approximately 77 nm of ITO, 
ICO or the like. As shown in FIG. 17A, such a configuration provides a transmissivity of 
light through the reflective element with two peak transmission bands, namely, a first band 
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having a peak transmissivity of light having a wavelength of approximately 465 nm and a 
second band having a peak transmissivity of light having a wavelength of approximately 645 
nm. The reflective element 1016 is thus spectrally tuned to substantially transmit light 
emitted fix>m both a blue light emitting diode display 101 8a, which emits Ught having a peak 
intensity of approximately 465 nm, and a red light emitting diode display 1018b, which emits 
light having a peak intensity of approximately 645 nm. The transflective reflector and 
multiple stack ISI layer 1028 provide m extra narrow band of transmissivity for each of the 
desired spectral bands or ranges of wavelengths bemg emitted by the displays. Such a 
configuration thus may provide enhanced reflectivity of light outside of the targeted spectral 
band. 

Referring now to FIG. 1 8, an electro-optic or electrochromic mirror element 
11 16 comprises a pair of substrates (a front substrate 1122 is shown in FIG. 18), with an 
electrochrouMC medium (not shown) sandwiched therebetween. Electrochromic mirror 
element 1116 may comprise a reflective metallic layer or layers and transpar^it, at least 
partially conductive layers, such as discussed above, to provide a transflective tmrror 
element. The electrochromic mirror element 1116 mcludes one or more display elements, 
such as the three display elements 1118a, 1118b, 1118c in FIG. 18, positioned behind the rear 
substrate and operable to emit or transmit light through tiie substrates and layers and 
electrochromic medium for viewing at the front substrate 1 122. 

The electrochromic mirror element 1116 comprises at least two regions, such 
as the three regions 1 1 16a, 1 1 16b, 1 1 16c shown in FIG. 18. A central or principle viewing 
region 1 1 16a provides a respective reflectivity and transmissivity, such as via layers or 
coatmgs as described above. One or both side regions 1 1 16b, 1 1 16c also provide a respective 
reflectivity and transmissivity. In the illustrated embodiment, the display element or 
elements 1118a, 1118b, 11 18c are positioned at the side or display regions 1116b, 1116c. 
Preferably, the transmissivity m the side regions 1 1 1 6b, 1 1 16c is greater than the 
transmissivity in the central region 1 1 16a, while, preferably, the reflectivity in the central 
region 1 1 1 6a is greater than the reflectivity in flie side or display regions 1 1 16b, 1 1 16c. The 
present invention thus provides greater transmissivity in the display regions to enhance 
viewing of the displays, while providing greater reflectivity in the central or main region of 
the mhror element to provide enhanced reflectivity in the principle viewing area. 

In the illustrated embodiment, the transmissivity at the display regions is 
approximately 25%, while the transmissivity in the central or principle viewing region is 
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apfiroximately 20%. Likewise, the reflectivity in the ceatral or principle viewing region is 
approximately 65%, while the reflectivity in the display regions is approximately 60%. Other 
reflective and transmissive characteristics may be achieved without affecting the scope of the 
present invention. 

The difference in the reflectivity and transmissivity between the regions is 
achieved by selecting different combmations of vapor source and masking of the regions to 
achieve the desired effect. For example^ the thicknesses of different layers of the conductive 
metaUic layer or layers and of the transparent, at least partially conductive layers may be 
selected or adjusted across the mirror element to achieve a desired amount of transmissivity 
at the display regions, while mamtaining sufScient reflectivity in these regions, and to 
achieve a desired or optimum or maximum reflectivity at tiie central or principle viewing area 
or region of the mirror element. For example, a reflective metaUic coating or layer may be 
tiiicker at tiie principle viewing region than at tiie display region or regions, whfle a 
transparent layer or coating may be tiiinner at the principle viewing re^on tiian at tiie display 
region or regions. Altiiough shown as having display regions at tiie side regions of tiie mirror 
element, clearly displays and associated display regions providing enhanced transmissivity 
may be positioned elsewhere around tiie mirror element, wifliout affecting tiie scope of the 
present invention. 

Therefore, the reflective element or mirror element of tiie present invention 
allows for a display element to be poisitioned behmd the reflective layer and tiansmits light 
ftom flie display element timmgh tiie muror element, while providing suflBcient reflectivity 
aCToss tiie entire miiror element and not requhing any windows or tiiinned areas of reduced 
reflectivity in tiie display region. The present invention tiius provides an electrochromic 
minror assembly which may include muWple display-on-demand type displays or display-on- 
need type displays, witiiout adversely affecting tiie reflective nature of tiie reflective'element. 
Furtiiermore, flie transmissivity of tfie ISI stack or layer or tiie multiple stack ISI layers of tiie 
tiansflective reflector of tiie present invention may match or pinpoint flie particular specti:al 
band correspondmg to flie light emitted by tiie display element or device, in order to provide 
unproved tiansmission of tiie display information or light tiirough tiie stack (and tiius tiirough 
the reflective element), while providing a desired neutral reflectance over tiie entire surface of 
the reflector. The present invention thus may provide a reflective element which has a 
teansmissivity level of greater tiian at least approximately 20 percent, more preferably at least 
approximately 30 percent, and most preferably at least approximately 50 percent, for light 
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within a particular narrow spectral band or range of wavelengths, vAdle providing substantial 
reflectance of light outside of flie particular, selected spectral band or range of wavelengths. 
The reflective element of the present invention also provides for generally uniform thickness 
of the rsi layers, since none of the layers have to be etched or masked or reduced in 
thicknesses to aflow for the display to transmit therethrough, thereby enhancing the 
manufecturing processing of the reflective element. 

As discussed above, the minror assembly of the present invention may include 
a display for providing information for viewing by the driver of the vehicle on the reflective 
element so Hiat the driver can easily see the display. In order to maintain easy viewing of the 
display, it is desirable to adjust the display intensity in response to ambient light levels (in 
order to avoid washout during daytime driving conditions and glare durmg nighttime driving 
conditions) and in response to tiie degree of tiransmissivity of tiie electrochromic reflective 
element. For example, in low lighting conditions, such as during tiie nighttime, the intensity 
of the display may be dimmed to avoid glare, while in higher Ughting conditions, such as 
during tiie daytime, tiie intensity of the display may be increased to provide sufficient 
visibility of tiie display to tiie driver of tiie vehicle. The mirror assembly may include Ught 
sensors for sensing tiie ambient light in tiie cabin of tiie vehicle or at tiie mirror assembly and 
may include a contix,! which is operable to automatically adjust tiie display intensity and/or 
tiie transmissivity of flie electixjchromic medium in response to tiie ambient light sensors. 

Furtfier, automatic dimming circuitiy used in electrochromic mirror 
assemblies utilizing tiie reflective elements of tiie current invention may utilize one or more 
(typicaUy two) photo sensors to detect glaring and/or ambient Ughting. For example, a 
siUcon photo sensor such as a TSL235R Light-to-Frequency converter (available fioL Texas 
Advanced Optoelectix)nic Solutions Inc. of Piano. TX) can be used as such photo sensors. 
Such light-to-ftequency converters comprise tiie combination of a siKcon photodiode and a 
curtait-to-fiequency converter on a single monoKfliic CMOS integrated circuit 

The mirror assembly or assembhes of tiie present mvention may also include 
or house a pluraUty of electrical or electix)nic devices, such as antennas, mcluding global 
positioning system (GPS) or cellular phone antemias, such as disclosed in U.S. Pat. No. 
5.971,552, a communication module, such as disclosed in U.S. Pat. No. 5,798,688, displays, 
such as shown in U.S. Pat Nos. 5.530.240 and 6,329,925. bUnd spot detection systems, such 
as disclosed in U.S. Pat Nos. 5,929,786 or 5,786.772, transmitters and/or receivers, such as 
garage door openers, a digital network, such as described in U.S. Pat. No. 5,798,575, a 



-31- 



high/low head lamp controller, such as disclosed in U.S. Pat No. 5,715,093, a memory mirror 
system, such as disclosed m U.S. Pat. No. 5.796,176, a hands-free phone attachment, a video 
device for internal cabin surveillance and/or video telephone function, such as disclosed in 
U.S. Pat. Nos, 5.760,962 and 5,877,897, a remote keyless entry receiver, map lights, such as 
5 disclosed in U.S. Pat. Nos. 5,938,321; 5,813,745; 5,820.245; 5,673.994; 5.649,756; or 
5,178,448, microphones, such as disclosed in U.S. Pat. Nos. 6,243.003 and 6.278.377, 
speakers, a compass, such as disclosed in U.S. Pat No. 5.924.212. seat occupancy detector, a 
trip computer, an ONSTAR® system or the like (with all of the above-referenced patents 
commonly assigned to Donnelly Coiporation, and with the disclosures of the referenced 
LO patents being hereby incorporated herein by reference m their entireties). 

The mirror assembly and/or reflective element of the present invention may 
include a printed circuit board (PCB) which may be attached to its rear surface (e.g. the 
fourth surface) by, for example, a suitable adhesive or the like. An example of such an 
arrangement is disclosed in commonly assigned U.S. Pat No. 5,820.245, which is 
5 incorporated in its entirety by reference herein. The PCB optionally may include glare 
sensmg and ambient photo sensors and electrochromic chcuitry that automatically duns tiie 
reflectivity of the electrochromic mirror element when glare conditions are detected, such as 
at nighttime or the like. Alternately, the PCB may be snap connected, by a cHp or otherwise 
attached, to a plastic plate that itself is adhered to the electrochromic element 
0 The printed circuit board may include electronic or electrical circuitry for 

actuating the variable reflectance of the reflective element and for operating other electrical 
or electronic functions supported ui the rearview mirror assembly. The circuit board may 
support, for example, light emitting diodes (LEDs) for illuminating indicia on display 
elements provided on the chin of the bezel of the mkror assembly or display devices provided 
5 on the reflective element, or map or dash board lights or the like. The circuit board may be 
independently supported from the reflective element or in the casing or may be mounted to 
the reflective element's rear or fourth surface on a separate plate or may be directly adhered 
to the rear surfece by a suitable adhesive. Reference is made to U.S. Pat Nos. 5,671,996 and 
5,820,245, the disclosures of which are hereby incorporated herem by reference in their 
) entireties. 

Therefore, the pres^it invention provides a third surface reflective element 
which provides a combination of conductive or semi-conductive layers and a conductive 
metallic layer or layers on the inward surfece of a second substrate of tiie reflective element 
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The reflective element of the present invention provides «ihanced manufecturing processing 
of the reflective element, since the thicknesses of the layers and tolerances associated 
therewith are sufficiently large enough to be sputter coated or otherwise deposited via a low 
cost process. The reflective element of the present invention also provides for a reflective 
and transmissive element \A*ich allows transmission of display information through the 
reflective element, while still providing sufficient reflectance over the entire surface of the 
reflective element, even in the display area. Accordingly, multiple displays may be 
positioned on, at or around the reflective element, without loss of reflectivity of the element 
The materials and thiclmesses of the layers of the reflective element may be selected to 
spectrally tune the reflective element to allow transmission of a particular spectral band or 
range of wavelengths, in order to tune Ihe reflective element for use with a particular spectral 
band of light being emitted by^a particular display. Also, the thicknesses of one or more 
layers may be varied across the mirror element to provide regions or areas of increased 
transmissivity for a display, while maintaimng a desired level of reflectivity at the principle 
viewing area of the mirror element. ^ 

Changes and modifications in the specifically desoibed embodiments can be 
carried out without departing from flie principles of the invention, which is intended to be 
limited only by the scope of the appended clauns, as interpreted accordmg to the principles of 
patent law. 
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The embodiments of the invention in which an exclusive property or privilege is 
claimed are defined as follows: 

1 . An electrochromic mirror assembly for a vehicle, said minor assembly comprising: 

an electrochromic mirror element comprising a first substrate having first and second 
surfeces and a second substrate having third and fourth surfaces, said first and second 
substrates being arranged so that said second surface opposes said third surface with an 
5 electrochromic medium disposed therebetween; 

said third surface of said second substrate comprising a transflective reflector 
conqjrising a first substantially transparent semi-conducting non-metallic layer contacting the 
electrochromic medium, a second substantially transparent semi-conducting non-metallic 
layer, and a substantially reflecting metallic conducting layer sandwiched between said first 

10 and second substantially transparent semi-conducting non-metalUc layers, wherein when said 
mirror element is viewed firom outside said fust surface, said mirror element is substantially 
spectraUy untinted when no voltage is applied across said electrochromic medium, said 
mirror element being at least partially spectraUy selective in transmission and exhibiting a 
spectraUy selective transmission characteristic, said spectrally selective transmission 

15 characteristic being established by the refiractive indices and physical thicknesses of said first 
and second substantially transparent semi-conducting non-metaUic layers and said 
substantially reflective metalUc conducting layer; and 

a light emitting display disposed at said fourth surface of said second substrate and 
operable to emit light having an emitted spectral characteristic through said mirror element, 
20 wherein said transflective reflector is configured to exhibit a spectraUy selective transmission 
characteristic so as to substantiaUy transmit Ught havmg a spectral band in regions at or near 
said emitted spectral characteristic and to substantiaUy reflect other light having a spectral 
band outside of said regions. 

2. The electrochromic mirror assembly of claim 1, wherein said transflective reflector 
provides at least 20 percent transmissivity of Ught at or near said emitted spectral 
characteristic. 
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3. The electrochromic mirror assembly of claim 1, wherein said transflective reflector 
provides at least 20 percent transmissivity of light at or near said emitted spectral 
characteristic. 

4. The electrochromic mkror assembly of claim 2, wherein said transflective reflector 
provides at least 60 percent photopic reflectance of other light 



5. The electrochromic mirror assembly of claun 2, wherein said transflective reflector 
provides at least 70 percent photopic reflectance of other light 

6. The electrochromic mirror assembly of claim 2, wherein said transflective reflector 
provides at least 80 percent photopic reflectance of other li^t 

7. The electrochromic mirror assembly of claim 4, wherem said transflective reflector 
provides at least 15 percent transmissivity of Ught at or near said emitted spectral 
characteristic. 

8. The electrochromic muror assembly of claim 4, wherein said transflective reflector 
provides at least 20 percent transmissivity of light at or near said emitted spectral 
characteristic. 

9. The electrochromic muror assembly of claim 4. wherein said transflective reflector 
provides at least 30 percent transmissivity of Hght at or near said emitted spectral 
characteristic. 

10. The electrochromic muror assembly of claim 1, wherein said second substantially 
transparent semi-conducting non-metalKc layer contacts said third surfece of said second 
substrate. 

11. The electrochromic mirror assembly of claim 1 , wherein said transflective reflector 
comprises two substantially reflective metallic conducting layers, each of said two 
substantiaUy reflective metallic conducting layers being sandwiched between a respective 
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pair of substantially transparent semi-conducting non-metallic layers disposed between said 
electrochromic medium and said second substrate. 

12. An electrochromic mirror assembly for a vehicle, said minor assembly comprising: 
an electrochromic mirror element comprising a first substrate having first and second 

surfeces and a second substrate having third and fourth surfaces, said first and second 
substrates being arranged so that said second surface opposes said third surface, said mirror 
element comprising an electrochromic medium disposed between said second substrate and 
said first substrate, wherein said mirror element comprises a transflective reflector at said 
third surfece, said transflective reflector comprising at least one conductive metallic reflective 
layer sandwiched between first and second substantially transparent semi-conducting non- 
metallic layers, said first substantially transparent semi-conducting non-metaUic layer 
contacting said electrochromic medium; and 

a display at said fourth surface of said second substrate, each of said first and second 
substantially transparent semi-conducting non-metallic layers and said substantially reflective 
metalUc conducting layer having a selected refiactive mdex and a selected physical thickness 
such that said transflective reflector is selectively spectrally tuned to substantially transmit at 
least one preselected spectral band of visible light therethrough while substantially reflecting 
other visible light, said display being configured to emit visible Kght with a peak mtensity 
within said preselected spectral band. 

13. The electrochromic mirror assembly of claim 12, wherein said second substantially 
transparent semi-conductmg non-metallic lay&c contacts said third sur&ce of said second 
substrate. 



14. The electrochromic mhror assembly of claim 12, wherein said transflective reflector 
comprises two substantially reflective metallic conducting layers, each of said two 
substantially reflective metallic conducting layers being sandwiched between a respective 
pan: of substantiaUy transparent semi-conducting non-metallic layers disposed between said 
electrochromic medium and said second substrate. 
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15. An electrochiomic mirror assembly for a veMcle, said mirror assembly comprising: 
an electrochromic mirror element comprising a first substrate having fiist and second 

surfeces and a second substrate having third and four& surfeces, said first and second 
substrates being airanged so that said second surfece opposes said third surface vdth an 
5 electrochromic mediiun disposed tfaerebetweoi; 

said third suifece of said second substrate comprising at least one conductive metallic 
layer and at least one transparent, at least partially conductive layer, wherein said layers 
define first and second regions of said transflective reflector, said first region having a first 
reflectivity and a first transmissivity and said second region having a second reflectivity and a 
10 second transmissivity, said second transmissivity being greater than said first transmissivity; 
and 

a display element positioned at said fourth surface of said second substrate and 
operable to transmit Kght through said second region of said transflective reflector. 

16. The electrochromic mirror assembly of claim 15, wherem said first reflectivity is 
greater than said second reflectivity. 

17. The electrochromic muror assembly of claim 16, wherein said first reflectivity 
comprises at least approximately 60%. 

18. The electrochromic mirror assembly of claun 15, wherein said first region comprises 
a generally central region of said electrochromic mirror element and said second region 
comprises at least one side region of said electrochromic mirror element 

19. The electrochromic mirror assembly of claim 15, wherein said electrochromic mirror 
element comprises a transflective reflector comprising a first substantially transparent semi- 
conducting non-metallic layer contacting the electrochromic medium, a second substantially 
transparent semi-conducting non-metaUic layer, and a substantially reflecting metallic 

5 - conducting layer sandwiched between said first and second substantiaUy transparent semi- 
conducting non-metallic layers. 

20. The electrochromic mirror assembly of claim 19, wherein a thickness of at least one 
of said layers is varied between said first and second regions. 
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PROVISIONAL 
DONOl P.1045 
Express MaU No. EV099083873US 



ELECTROCHROMIC MIRROR ASSEMBLY 



ABSTRACT OF THE DISCLOSURE 



An electrochromic mirror assembly for a vehicle includes an electrically variable 
reflective element The reflective element includes a first substrate having first and second 
surfaces and a second substrate having third and fourth surfaces. The first and second 
substrates are arranged so that the second surface opposes the third surface. The second 
5 substrate includes a conductive stack on the third surface and an electrochromic medium 
between the stack and the second surface. The conductive stack comprises first and second 
substantially transparent semi-conducting non-metallic layers and a substantially reflecting 
metallic conducting layer of metallic material sandwiched between the first and second semi- 
conducting layers* The refiractive indices and thicknesses of flie first and second substantially 
10 transparent semi-conducting non-metallic layers and the substantially reflecting metallic 
conducting layer are selected to spectrally tune the reflective element to transmit a spectral 
band of visible light therethrough while substantially reflecting other visible light. 
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